The ability of most coniferous trees and of certain other plants to retain their foliage over several seasons has attracted considerable attention among botantists. This interest is especially keen concerning those plants subjected to extremely cold winters, and which, with rare exceptions, must possess the property of cold resistance, at least during the actual duration of the periods of subzero temperatures. It has long been known, even by the layman, that such coniferous needles are not, in general, resistant to cold during the warmer months of the year.
Introduction
The ability of most coniferous trees and of certain other plants to retain their foliage over several seasons has attracted considerable attention among botantists. This interest is especially keen concerning those plants subjected to extremely cold winters, and which, with rare exceptions, must possess the property of cold resistance, at least during the actual duration of the periods of subzero temperatures. It has long been known, even by the layman, that such coniferous needles are not, in general, resistant to cold during the warmer months of the year.
Consistent studies of the seasonal variations in the physiology of a plant, as well as parallel studies of the variations in the habitat-factors, are niecessary to reach an understanding of that species' ability to survive under the environmental conditions representing a given habitat. It has long been recognized that the polysaccharides in leaves, under certain climatic conditions, are converted into the simpler saccharides, and vice versa, by what appears to be the shifting of an equilibrium by means of enzymatic activities. These seasonal variations in the amount and chemical nature of food reserves in the cells of evergreen leaves are in themselves of physiological significance. Although many workers have contributed much important data on this subject, inieluding carbohydrate, osmotic pressure, and pH measurements, our actual information is still fragmentary.
This problem was undertaken to ascertain the quantitative fluctuations of various classes of carbohydrates in Pinus ponderosa and Pseudotsuga taxifolia needles throughout the more or less dormant season, and to determine a possible relationship between the saccharide fluctuations and the temperature changes.
Historical data
The measuring of fluctuations in amounts of carbohydrates has been investigated by numerous workers, the majority of whom have limited themselves to diurnal variations when studying photosynthetic tissues. MILLER'S (8) measurements show that the non-reducing sugars in the leaves of most plants are in excess of the reducinig sugars, and that the maximum point of increase of the total sugars is also the maximum point of increase of the non-reducing sugars. TOTTINGHAM et al. (13) found that the time of day was less significant than temperature in determining carbohydrate composition; and that solar radiation is the limiting factor in the increases of nonreducing sugars when its value approaches 300 C. In addition to a comprehensive resume on this phase, CLEMENTS (2) contributed several important pieces of research. He found that starch in the leaf of the sunflower can drop from the maximum to the minimum within one to two hours. The starch content increases after sunset and this, according to CLEMENTS, can be explained only on an actual return of sugars from the petioles. The data which represent the variations in the content of hemicelluloses were of tantamount significance; indicating, as it did, that the part played by these reserves in the metabolism of plants has been generally underestimated.
The seasonal fluctuations in carbohydrates has been investigated for the woody portions of many plants and especially for the apple and the sugar maple trees. There appears to be a quite general agreement among these investigators that starch accumulates in the phloem and the cortex, and perhaps the xylem, of trees in regions of severe winter climate; and in deciduous trees in regions of milder winter climate during the summer and autumn it diminishes to a minimum or disappears in winter, reappears in large quantities in the spring, and diminishes to another minimum as the buds are unfolding. They also found that a relationship exists between starch and sugars; namely, that as the one increases the other decreases, and vice versa. MURNEEK (10) , TRAUB (14) , HOOKER (4) and MURNEEK and LOGAN (11) have furnished the most important data for apple trees; while JONES and BRADLEE'S (5) paper is the classic and most recent investigation dealing with the sugar maple.
Some work has been completed on seasonal trends of carbohydrates in photosynthetic tissues. SPOEHR (12) Samples of the needles were taken every fifteen days, at daybreak, just before sunrise. This time of the day was chosen to reduce any variation due to diurnal fluctuations. Needles were always taken from the same trees, and always from the lower branches on the south side. This procedure was an endeavor to obviate, as nearly as possible, such factors as differences in the degree of sunlight, of moisture, and of wind, the relative juxtaposition of neighboring trees, and the individualism of different specimens of the same species.
The needles were brought into the laboratory intact with the branches. If they were moist from dew or rain, it was first necessary to dry them by rolling between paper, towels. During the winter months frost, ice, and snow encrusted the needles; and, in such cases, the frozen layer was melted by a current of warm air and dried as above. Approximately 100 gm. of these whole needles were diced into pieces about one-eighth of an inch in length. The Owing to the usual difference in temperature outside and in the laboratory it was necessary to complete the above procedure as rapidly as possible to prevent ensuing chemical reactions from altering leaf material. By the method used, the enzymes in the plant tissues should have been almost instantly inactivated. The sodium carbonate, as well as the boiling alcohol, facilitated the destruction because of its alkaline nature and its rapid diffusion into the plant cells. The salt is important in another respect; namely, it neutralizes the various acids which might occur in the needles and which might hydrolyze complex carbohydrates and sugars.
Concomitantly, with the above sampling, determinations of the dry weights were conducted. Duplicate samples-10 to 15 gm.-of homogenous freshly diced needles, taken from the same branches as above, were subjected to 980 C. for two hours to inactivate the enzymes and were then transferred to a vacuum oven at 820 C. to complete the desiccation.
The alcoholic solution was filtered from the stored samples-and the residue was washed several times with hot alcohol. The filtrate was again stoppered and stored, while the residue was placed in the vacuum oven to desiccate. This desiccated sample was cooled and weighed, and then ground to a powder fine enough to pass a 100-mesh sieve. Owing to its hygroscopic nature it was necessary to redesiccate in vacuo before weighing the ground residue. The difference in weights represented the amount lost due to grinding, and proved to be an essential factor for the computation of the total polysaccharides.
A Soxhlet extractor was employed to insure complete extraction of the various plant sugars in the ground residue. Seventy per cent. alcohol was used, and it was found, that with this concentration, two and one-half hours' extraction would insure complete removal of sugars from the material.
After extraction, the contents of the extraction flask were added to the original filtrate, and the thimble with its contents was replaced in the vacuum oven to remove all traces of absorbed alcohol. The combined extracts, to which 300 to 500 cc. of distilled water were added, were converted into an aqueous solution by distillation. This aqueous extract was cleared with neutral lead acetate and sodium oxalate. It was filtered into a liter volumetric flask and brought up to volume. The cleared solution was then taken for the determination of the alcohol-soluble free reducing substances. Twenty-five cc. of the cleared solution was used as an aliquot part, which not only insured easy computations but kept the measured amount within the range of available tables. To measure the non-reducing sugars (or better, the alcohol-soluble acidhydrolyzable substances) a 100-cc. aliquot of the cleared solution was used. This aliquot was placed in a 250-cc. Erlenmeyer flask, and 10 cc. of concentrated HCl (s.g. 1.18) were added. Hydrolysis was allowed to proceed for twenty-four hours at room temperatures. At the end of twenty-four hours the acid was neutralized with Na2CO3 and filtered. The filtrate was put into a one-liter volumetric flask and made up to volume. An aliquot of 25 cc. was taken for reduction to determine the total alcohol-soluble free reducing substances plus the alcohol-soluble acid-hydrolyzable reducing substances.
The total polysaccharides, which included all the alcohol-insoluble acidhydrolyzable reducing substances, were measured as follows: An aliquot part, approximately 3 gm., of the Soxhlet-thimble residue was used for hydrolysis. The aliquot was placed in a 500-cc. flask and 100 cc. of water and 10 cc. of concentrated HlI (S.G. 1.18) were added. It was refluxed for two and one-half hours, neutralized, filtered into a liter volumetric flask and made up to volume. A liquid aliquot of 25 cc. was then taken for reduction.
The BERTRAND modification of the MUNSON and WVALKER method was used exclusively for the determination of sugars in the above three solutions.
For reasons presented elsewhere in this paper the three classes of carbohydrates were called dextrose, invert sugar, and dextrosans respectively. The total weight of dextrose was computed by determining the amount of copper reduced in an aliquot of the original aqueous solution. In the second instance, the copper reduced was due to the additive powers of the alcoholsoluble free reducing substances and of the alcohol-soluble acid-hydrolyzable reducing substances. Consequently, it was first necessary to subtract the amount due to the dextrose from this total in order to compute the amount due to the acid-hydrolyzable compounds themselves. The computation of the total amount of polysaccharides was more complex, since more factors were involved. First, the amount of copper was transferred to grams of dextrose. Secondly, the weight of dextrose was multiplied by 0.9 to give the amount of dextrosans in each aliquot part. Thirdly, the following formula was employed to convert this into the total amount of polysaccharides in any given sample:
X:40 R S p H-G The figure and letters in the formula have the following significance: X = amount of dextrosan per aliquot. 40 = the part each aliquot is of the liquid whole. H = the amount of residue used for hydrolysis. R = the amount of Soxhlet-extracted residue. G = the weight of the ground residue. S =the weight of the original alcohol residue, before grinding. P = the total weight of polysaccharides in each specific sample. wise assumed that the reducing substances were various sugars without first conducting a qualitative test to authenticate their assumption. This has been a successful assumption to date; however, it leads into an impossibility in the present investigation. Tables I and II show that on November 4, 1935, as well as for other days, the total carbohydrates exceeded the dry weight. Since all previous papers have followed this nomenclature and since it simplifies the phraseology of the discussion, the terms dextrose, invert, and dextrosans will be used, meaning respectively, the alcohol-soluble free reducing substances, the alcohol-soluble acid-hydrolysable reducing substances, and the alcohol-insoluble acid-hydrolysable reducing substances. It has long been known that a marked difference between gymosperms and angiosperms occuirs not only in the structure but also in the chemical composition of the tissues. The cell sap of conifers has yielded pentose sugars in considerable quantity, and, likewise, the hydrolysis of their cell walls has shown that pentosans constitute the major portion of the structural hemicelluloses. A in such noticeable quantities that the Germans have frequently referred to them as the " Fettbiiume. " During this synthesis, hexose sugars are changed into precursors of oils, gums, and fats via pyruvaldehyde and pyruvic acid, both of which will reduce Fehling's solution. If either or both of these substances were known to be present, or if compounds were known to be present which would on hydrolysis vield these reducing substances, the high amount of cuprous oxide released could be explained. No qualitative tests were conducted for these compounds because of the complicated and lengthy procedures involved. There remains one other plausible explanation; namely, that certain other decomposition compounds with reducing properties occur in the extracts. That this last actually did occur has been partially proven. Formaldehyde was detected in the dextrosan extract on November 4 for both species. Secondly, the sudden drop in temperature the first few days of November, prior to the establishment of the needles' cold-resisting mechanism, injured the needles of conifers throughout the arboretum. They became brown, flaccid, and underwent abnormal senescence. Some rotted on the limbs, while others dropped throughout the winter. This specific condition is abnormal to prevailing conditions in the Pacific Northwest. Although needles with macroscopic injuries were avoided, it does not prove that the samples were void of material with internal injuries and decomposition products.
Repeated checks have definitely proven that the fallacy is not in the procedure and methods involved but must be incorporated in the interpretation of the data secured. The various extracts, and especially the dextrosan, must therefore contain other reducing compounds in addition to the sugars.
Considerable care should be taken before drawing conclusions from the data based on percentages. The order of error, under the conditions here measured, seems about the same whether expressed as percentage of dry weight or of fresh weight if, on the one hand, the change is due to dry matter loss, and, on the other, to water absorption.
Attention is called to the low percentages and the limited variations in the dextrose during the colder seasons. Figures 1 and 3 illustrate this uniformity, which would be even more striking if based on its divergence from a seasonal average. That dextrose remains a fairly uniform constituent part of the coniferous needles is in accord with results obtained by JONES and BRADLEE (5) and others. These results, however, are not universal, for MURNEEK and LOGAN (11), HOOKER (4), and TRAUB (14) , all of whom worked with the apple, found significant variations of these reducing sugars throughout the year's cycle; however, even they found a marked uniformity during the colder seasons. MEYER'S (7) It is, in general, to be noted that invert sugars undergo no periodic changes but necessitate the establishment of the nature and the rate of its metabolic rearrangements and disintegration as affected by the climatic conditions. CLEMENTS (2) , working with the sunflower, and other investigators working with the apple and the maple, have reported actual migration of sucrose from the branches and petioles back into the leaves on the approach of cooler weather. This in itself would partially explain the relatively high constituent part of invert sugar in the October 20 sample, for both the pine and the fir. The high results of November 4 and thereafter are, however, probably due to the presence of certain decomposition products.
The gradual lessening of the starch content, and other polysaccharides, in other plants from September on, in opposition to the accelerated increases of the sucrose and the hexoses which are maintained throughout the winter, has been recorded in all research papers reviewed, save one. That a different state of affairs obtains in evergreen trees in regions of mild winter climate is indicated by CAMERON'S (1) investigation, which shows a constant increase in reserves during the autumn and winter. He obtained a maximum in early spring just prior to blossoming when the reserves constitute as much as 25 per cent. of the total fresh weight. MEYER (7) , the only other worker on the carbohydrates in coniferous needles, did not measure the polysaccharides. The data represented by tables I and II or by figures 1 and 3 clearly reveal that the dextrosans did accumulate during autumn and did not decrease as recorded by most investigators. The higher peaks plotted require an explanation based upon interconversion into different types of compounds rather than upon actual storage of reserves. It is of interest to note that a definite relationship does not exist between the dextrosan and the invert sugar curves. For Pinus ponderosa from September 20 to October 5 and from December 4 to Jaunary 18, inclusive, and for Pseudotsuga taxifolia from December 4 to January 3, inclusive, the dextrosan curves increased and decreased concomitantly with the opposite accelerated change in the invert curves. At all other times a change in the one class was accompanied by a similar change in the other. There were no relative changes found in either case, and therefore the data do not authenticate a direct relationship between dextrosans and invert sugars. Thev do, nevertheless, indicate a possible relationship for the dates listed above, but even in these cases there is no correlation.
A marked modification of the starch content concomitant with changes in the temperature was observed by LIDFORSS (6) , who showed that all European evergreen leaves in temperate latitudes are quite starch-free from the beginning of December throughout the winter. With the advent of higher temperatures in spring the starch again appears. MIYAKE (9) reported similar conditions existing in Japan. In the present investigation, the Soxhlet-residue was treated with iodine and examined microscopically. The results are tabulated in table III. Only once, on November 4 immediately following the sudden drop in temperature, was the Douglas fir void of starch. The data, taken as a whole, do agree with the results of the above papers; namely, the relative amount of starch decreases with a decrease in temperature and increases again with a return to higher temperatures. It is worthy of notice that with a change in relative amounts of starch there is often the opposite change in the quantity of dextrosans. This materially strengthens the hypothesis that the changes occuring in the dextrosan extracts are due to changes in the types of reducing substances rather than actual changes in the quantity of reserves present.
An attempt was made to determine a possible correlation between saccharide fluctuations and climatic changes.
Meteorological data covering the entire period of this study were secured from the local Weather Bureau situated within an eighth of a mile of the arboretum where the trees were located.
Little doubt exists that certain metabolic functions within the plant are regulated by climatic changes indirectly. It is equally agreed that, of all the climatic factors, temperature is the most potent in its regulatory effect on the changes in carbohydrate quality. The influence of temperature on the carbohydrate content of plants such as conifers is, of course, the summation of the effect of this factor on a variety of activities; and, as a consequence, no mathematical correlation is to be expected. The data bear this out on the one hand, while on the other they establish certain relationships with the specific types of the elaborated foods. Since there are numerous ways by which temperature data can be represented, they were graphed in various forms to determine which most closely agreed with the carbohydrate data presented herewith. The curves were plotted from averages of the five days prior to each sampling. VWhether the minimum temperature is the more important in its effect on certain enzyme actions causing the conversion of reserves into labile forms, or whether the maximum temperature in its regulatory role on respiratory and photosynthetic activities is the more important, is very difficult to ascertain. trose content starts at a relative minimum and increases toward a maximum, which is limited to a small percentage of the total fresh weight, as the minimum temperature drops toward the freezing point. During the freezing temperatures the dextrose percentage remains comparatively near its maximum and fluctuates only slightly. This is strengthened by the results of JONES and BRADLEE (5) , which tend to demonstrate that the so-called critical tree temperatures need not cover a very wide range above or below 320 F. within the tree and are governed by corresponding external air conditions.
The distinct gain in invert storage in the autumn months, which is shown with its maintenance, though in different proportions, throughout the winter months, does indicate a definite relationship with the prevailing temperatures. A superimposition of the invert sugar curves upon figure 5 definitely reveals an inverse relationship. This is universally accepted.
Except for CAMERON (1), all investigators have reported a decrease in percentage of reserve foods coincident with a lowering of the temperature and a redeposit of these carbohydrates with a return to the higher temperatures. Table III Other habitat factors, although exerting less effect, might be considered. From data not included here, it was found that the range of available sunlight presented no measurable fluctuations. A similar comparison indicates that the water content may either diminish or accentuate the effect of the temperature. This depends whether a drop in the former is coincident with a drop in the latter or if a rise in the former and a lowering of the latter occur at the same time.
It was found by GAIL (3) that the osmotic pressure of expressed cell sap in some deciduous and non-deciduous plants reached a maximum during the winter months, and that there was a decrease in the spring and a gradual rise again with the arrival of autumn. He advocated the theory that this change of osmotic pressure was partially due to the changes in the sugar content. A plausible connection between variations in carbohydrates and osmotic pressure was sought; but, since no osmotic pressure measurements were made on the cell sap of the material involved, it was necessary to seek the relationship through an indirect procedure. It is possible, however, to compare GAIL'S data and the data of this study by using the respective relationships with the temperatures as the medium. From such a comparison it is possible, and may be argued, as MEYER (7) has likewise pointed out, that the invert sugars in the needles serve to regulate the osmotic pressure owing to its ready interconversion to other forms. This regulation could be quite as well effected by the precipitation of the polysaccharides. Summary 1. Quantitative measurements were made for three classes of carbohydrates in the needles of Pinus ponderosa and of Pseudotsuga taxifolia to determine their fluctuations during the more or less dormant seasons. The BERTRAND modification of the MUNSON and WALKER method was followed.
2. Reducing compounds other than sugars occurred in some of the extracts. Furfural and formaldehyde were definitely identified. 3 . The hexose and pentose sugars, or better, the alcohol-soluble free reducing substances, maintained low percentages and limited variations during the colder seasons. 4 . The distinct gain in alcohol-soluble acid-hydrolyzable reducing substances in the autumn months, with its maintenance, though in different proportions, throughout the winter months, indicates a definite inverse re-lationship with the prevailing temperatures. Disaccharides and furfural are the major constituents of this group of compounds.
5. Alcohol-insoluble acid-hydrolyzable reducing substances, which contain starch, other dextrosans, and reserve hemicelluloses, increased rapidly immediately following a sudden drop in temperature; during gradual temperature changes a positive relationship existed.
6. The relative amount of starch decreased with a decrease in temperature and increased again with a return to the higher temperatures.
7. The changes occurring in the "dextrosan" extracts are due to a change in the type of reducing substances rather than an actual change in the quantity of reserves present.
8. The seasonal variations in the needles' soluble carbohydrate content, including hexoses, pentoses, and certain hemicelluloses, appear to be partially responsible for the seasonal variations in the osmotic pressure of the cell sap.
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